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(54) High speed flip-chip dispensing 

(57) The specification describes a method for dis- 
pensing IC chips from a chip carrier tape for a flip-chip 
assembly operation. In a conventional assembly oper- 
ation, the solder bumped side of the chip is the top side 
of the chip as loaded on the tape, and is normally the 
side of the chip that engages the head of the pick tool. 
For flip-chip assembly it is necessary to invert the chip 
for solder bonding to an interconnect substrate. In the 



technique of the invention, the chip carrier tape is invert- 
ed and inserted into the dispensing machine upside 
down. The IC chips are then ejected through the back 
of the tape instead of being lifted from the from of the 
tape. In this way the pick tool head engages the back 
side of the solder bumped chip and the chip is in the 
proper orientation for flip-chip placement and bonding 
on the interconnect substrate. 



FIG. 6 
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Description 

Field Of The Invention 

[0001] This invention relates to techniques and relat- 
ed apparatus for semiconductor chip handling and more 
specifically to methods for transferring chips from chip 
carrier tapes to other processing stations. 

Background Of The Invention 

[0002] A variety of systems for conveying finished in- 
tegrated circuit (IC) chips from the IC singulation oper- 
ation to the IC packaging operation are available com- 
mercially. Many of these systems use an apertured tape 
with an adhesive backing as more particularly described 
in Industry Standard, ETA/IS-747, published by the 
Electronic Industries Association, Arlington, Va. Chips 
are mounted in the apertures with a pick and place tool, 
and are retained in the apertures by the adhesive tape 
backing. A widely used carrier tape system uses two 
parallel rails of adhesive tape which extend along the 
underside of apertured tape. See, e.g. U.S. Patent No. 
5,203,143, issued April 20, 1993. After the carrier tapes 
are loaded, the tapes can be conveyed directly to the 
next assembly operation, or more typically, are reeled 
for temporary storage. Tapes are then unreeled and the 
chips are picked from the adhesive carrier tape to be 
placed in a package assembly machine. With conven- 
tional pick and place tools the chips, which are carried 
circuit side up on the adhesive carrier tape, are seized 
on the circuit side by the vacuum head of the pick and 
place machine, and inserted circuit side up in the next 
assembly station. For normal surface mount and wire 
bonded packages the circuit side up position of the chip 
is the orientation desired. However, for flip-chip packag- 
es, this orientation is upside down. 
[0003] Various methods have been employed to 
adapt adhesive carrier tape systems for flip-chip pack- 
aging. One of these is the Bare Die Dispensing System 
available from Tempo Electronics, Los Angeles, Calif. In 
this equipment, an inverter arm is used to pick the die 
from the carrier tape in the usual way, i.e. circuit side up, 
swing the arm of the pick tool through a 180° arc, then 
pick the die with a second pick tool from the first pick 
tool, this time with the circuit side down. While this meth- 
od is satisfactory, the use of two pick operations slows 
the chip handling operation and contributes error to chip 
position repeatability at the pick point. Other solutions 
for adapting carrier tape systems to flip-chip packaging 
are needed. 

Summary Of The Invention 

[0004] We have designed a carrier tape system for 
flip-chip assembly where the chip can be loaded on the 
carrier tape circuit side up in the usual manner, and can 
be picked from the carrier tape and placed circuit side 



down in a single pick operation. The system uses es- 
sentially the same equipment used in the conventional 
arrangement and uses essentially the same carrier 
tape. The modification, according to the invention, is to 
5 pick the chip from the back side of the carrier tape. The 
vacuum head of the pick tool then contacts the back side 
of the IC chip, and can dispense the chip circuit side 
down without any additional handling. 



[0005] 

Fig. 1 is a schematic plan view of an adhesive 
is backed punched plastic carrier tape; 

Figs. 2-4 are a schematic representations of the 
conventional sequence of operations for dispensing 
IC chips from an adhesive backed plastic carrier 
20 tape; 

Figs. 5-8 are schematic representations of the se- 
quence of the invention for dispensing IC chips from 
the back side of an adhesive backed plastic carrier 
2$ tape; 

Detailed Description 

[OOOS] Referring to Fig. 1 an adhesive backed 
30 punched plastic carrier tape is shown at 1 1 with sprocket 
holes 1 2 for controllably reeling the tape through the dis- 
pensing apparatus. The sprocket holes also serve as 
alignment means for coordinating the movement of the 
tape and the pick and place tools. The chip sites are 
35 shown at 19 which are simply openings through the car- 
rier tape 1 1 . The IC chips are shown at 1 4, and rest on 
the adhesive tape rails 1 3. The rails 13 are coated on 
the chip side of the rails with a low adhesion polymer to 
retain the chips in place. The adhesive tape can be any 
40 of a variety of flexible tapes. A well known example is 
Nitto tape which is widely used in the industry. The car- 
rier tape can be any suitable thick flexible high strength 
material. An example is SurfTape® manufactured by 
Tempo Electronics, Los Angeles, Calif. 
45 [0007] In a typical chip manufacturing operation, the 
processed wafers are singulated in a dicing machine 
and the individual chips are placed in a carrier tape 11 
as shown in Fig. 1 . The tapes may be conveyed as a 
conveyer belt to a subsequent processing station but 
so are more typically reeled and the reel is taken to the first 
packaging station. Here the individual chips are dis- 
pensed from th e tape by a pick and place tool and placed 
in a die bonder or mounted on an interconnect substrate 
for solder bonding. In the example shown in Figs. 2-4 
55 the chips 1 4 are solder bumped with solder bumps 1 5, 
and ready for surface mounting on an interconnect sub- 
strate. 

[0008] The typical dispensing operation is shown in 
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Figs. 2-4, where the unreeled tape 1 1 is stepped through 
a dispensing apparatus and the individual die 14 are 
picked from the tape carrier 1 1 by the pick and place tool 
1 6. The pick and place tool is conventional and typically 
consists of a vacuum head 21 attached to a microman- 5 
ipulator arm that picks the chips from the carrier tape 
and places them on the package substrate (not shown). 
The dispensing operation is enabled with the use of a 
die ejector pin 17, which as shown in Fig. 3, lifts the chip 
14 from the adhesive tape 13 to engage the vacuum 
head 21 of the pick and place tool 16. The tape is 
stepped into position for this operation by sprockets that 
engage the sprocket holes 12. The operation of the pick 
and place tool, the die ejector pin, and the movement of 
the tape carrier, are coordinated in a manner that allows 
chips to be dispensed at a rate of several per second. 
The timing of the operation of the die ejector pin and the 
vacuum head are such that the tape peels from the back 
of the chip as shown in Fig. 3, prior to raising the vacuum 
head, so that twisting or rotation of the chip is minimized. 
Fig. 4 shows the dispensing operation completed, and 
the chip ready to be moved to the placement site. 
[0009] The foregoing operation is used successfully 
in a variety of chip handling applications. However, com- 
plications arise when the dispensing apparatus is used 
in a flip-chip assembly operation. This is due to the fact 
that for a flip-chip package the chip arrives at the pick 
and place tool 16 active side up, and must be inverted 
prior to placement on the interconnect substrate. Appa- 
ratus is available for inverting the chip prior to the pick 
and place operation but that apparatus essentially in- 
volves an additional pick and place tool, which as men- 
tioned earlier adds complexity to the operation and, 
more importantly, reduces accuracy and significantly 
slows the overall operation. 

[0010] The modification of the dispensing operation 
according to the invention is shown in Figs. 5-7. The es- 
sential feature of this modified dispensing operation is 
that the tape and the pick tool are oriented so that the 
active side of the chips are facing the vacuum head of 
the pick tool. Since the chips are loaded onto the tape 
at the singulation stage with the active side up, i.e. the 
back of the chip contacts the adhesive rails 13, either 
the tape or the vacuum head must be inverted with re- 
spect to each other. In the embodiment shown in Figs. 
5-7, the carrier tape is inverted and inserted "upside 
down" into the dispensing apparatus. This can be 
achieved following one of several options. The tape can 
be reeled "backwards" from the singulation operation. 
The tape can be re-reeled to reverse the tape. Or the 
tape can be inverted in the dispensing equipment. Yet 
another option is to exchange the position of the pick 
and place vacuum head and the die ejector pin in the 
configuration shown in Fig. 5, and use the tape in the 
conventional orientation. In this mode the die ejector pin 
pushes from the top and the vacuum head picks from 
the bottom. The pick and place tool is then rotated 180° 
to place the chip. Rotating the vacuum head is relatively 



simple and rapid compared with interjecting an addition- 
al pick and place operation as in the prior art approach. 
[0011] Following any of these options, the tape is 
stepped to the dispensing station with the tape oriented 
upside down with respect to the ejector pin and pick tool. 
The essence of the invention is the recognition that the 
chip can be pushed through the bottom of the tape car- 
rier rather than lifted from the top. This is shown in Fig. 
5 where the ejector pin 17 and the chip 14 are on the 
same side of the adhesive rails 13, and the ejector pin 
engages the active side of the chip 14 rather than the 
back side as in Figs. 2-4. Since the ejector pin is incident 
on the circuit side of the chip it is preferred in this ar- 
rangement for the ejector pin to be provided with a pad 
18 to reduce the risk of damage to the IC and to inhibit 
rotational movement of the die during release from the 
adhesive tape rails. Typical IC chips at this stage in the 
fabrication sequence have a protective coating of SIN - 
CAPS or polyimide covering the surface of the IC met- 
allization in part to reduce the incidence of damage in 
handling and packaging. However, the additional pre- 
caution of padding the ejector tip may be taken. 
[0012] The dispensing sequence of the invention is 
continued in Fig. 6 wherein the chip 14 is shown being 
pushed through the bottom of the carrier tape 1 1 . It has 
been demonstrated that the ejection of the chip through 
the adhesive rails 13 in the manner shown can be 
achieved reliably and rapidly. The dispensing operation 
is shown completed in Fig. 7, with chip 1 4 oriented with 
active side down, as required for the placement of the 
flip-chip on the interconnection substrate. 
[001 3] The dispensing operation of the invention may 
be further aided by the use of an aperture plate, as 
shown at 19 in Fig. 8. The aperture plate is a simple 
frame that is positioned as shown during lift-off of the 
chip 1 4 from the adhesive tape 1 3. This expedient is es- 
pecially useful when the chip is relatively small, i.e. when 
a relatively large gap exists between the edge of the chip 
and the edge of the opening in the carrier tape. Other 
means for facilitating lift-off may also be found helpful. 
For example, the tape edges can be serrated or slit. Al- 
so, the back of the chips may be roughened to decrease 
the adhesive force between the tape and the chip. 
[0014] Reference herein to solder bumps and solder 
bumped chips refers to the use of solder interconnec- 
tions of any form or configuration, e g, balls, paste etc. 
[0015] Various additional modifications of this inven- 
tion will occur to those skilled in the art. All deviations 
from the specific teachings of this specification that ba- 
sically rely on the principles and their equivalents 
through which the art has been advanced are properly 
considered within the scope of the invention as de- 
scribed and claimed. 



Claims 

1 . A method for handling and dispensing I C ch ips us- 
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ing a chip carrier tape, said IC chips having a back 
side and a front side, with solder bumps on said 
front side, comprising the steps of: 

a. placing said IC chips in chip site openings on s 
said chip carrier tape, said chip carrier tape 
comprising a flexible tape with a front side and 

a back side, with chip site openings extending 
through said chip carrier tape, said chip site 
openings having two flexible adhesive tape run- 10 
ners extending along the back side of the chip 
carrier tape, and partially covering the back 
side of said chip site openings, 

b. loading a plurality of solder bumped IC chips *5 
in said chip site openings with a first edge por- 
tion of the back side of said I C chips adhesively 
engaging one of said adhesive tape runners, 
and a second edge portion of the back side of 
said IC chips adhesively engaging the other of 20 
said adhesive tape runners, 

c. reeling said chip carrier tape, 

d. inserting said reeled chip carrier tape into a 25 
dispensing apparatus, said dispensing appara- 
tus having a vacuum actuated pick tool head 
and an ejector pin spaced from said pick tool 
head, 

30 

e. unreeling said chip carrier tape and moving 
the chip carrier tape so that said chip carrier 
tape traverses the space between said pick tool 
head and said ejector pin, with said pick tool 
head located on a first side of said chip carrier 3S 
tape and said ejector pin located on a second 
side of said chip carrier tape, said first side cor- 
responding to the back side of said chip carrier 
tape, and said second side corresponding to 
said front side of said chip carrier tape, *o 

f. intermittently stopping the movement of said 
chip carrier tape with a selected one of said plu- 
rality of I C chips in the space between said pick 
tool head and said ejector pin, 45 

f. moving said pick tool head into close proxim- 
ity to the back side of said selected IC chip, 

g. moving said ejector pin to engage the front so 
side of said selected IC chip, and to push said 
selected IC chip toward the front side of said 
chip carrier tape so as to disengage the select- 
ed IC chip from said adhesive tape runners and 

to engage said pick tool head. ss 

The method of claim 1 in which the ejector pin is 
provided with a resilient polymer surface and the re- 



silient polymer surface engages said selected IC 
chip. 

3. The method of claim 1 further including, in conjunc- 
tion with step g., positioning an aperture plate 
around the periphery of said IC chip in contact with 
said chip carrier tape. 
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FIG. 1 (prior art) 
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FIG. 2 (prior art) 
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FIG. 3 (prior art) 
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FIG. 4 (prior art) 
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FIG. 5 
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